Objective-To investigate bone mineral density (BMD) in men with symptomatic osteoporosis and compare BMD in patients with idiopathic, secondary and corticosteroid associated osteoporosis. Methods-Age, number of vertebral fractures at presentation and BMD were investigated in men presenting to a bone metabolism clinic with idiopathic (n=105; group 1), secondary (n=67; group 2) and corticosteroid osteoporosis (n=48; group 3). BMD was measured in 176 healthy men (controls). Osteoporosis was diagnosed if there was >20% vertebral deformity. 
Vertebral osteoporosis in men has received increased attention since the EVOS study highlighted higher prevalences than previously thought, even, in some countries, exceeding the prevalence in women. 1 In the clinical setting vertebral osteoporosis in men may be overlooked, and a recent review devoted little comment to the clinical presentation emphasising instead the pathological associations. 2 Population studies in men suggest that there is a poor relation between radiological vertebral deformity and back pain, 1 or complaints, 3 although studies of clinical osteoporosis do indicate that back pain is an important association. 4 These observations raise the question of whether subjects found to have vertebral deformity on population screening diVer from patients referred with clinical osteoporosis.
There may also be a diVerence between the mean age of patients with clinical vertebral osteoporosis and subjects in population studies. In the EVOS study the prevalence of male vertebral deformity remained steady between the ages of 55-75 years. 1 Male osteoporosis has often been considered a disease of the elderly. Francis et al 5 found that by the 60th year, 3% of men had sustained a fracture at the forearm, femoral neck or vertebral body and that this increased to 8% by 80 years. However, the mean (SD) age at presentation of clinical vertebral fracture may be lower, being reported as 46.1 (13.0) in patients with vertebral fracture in primary osteoporosis, 6 54.7 (14.0) in secondary osteoporosis, 6 55.4 in a series including both vertebral fracture and low bone density 7 and 57.8 (10.4) in a series of idiopathic osteoporosis. 8 The early age of presentation may relate not only to ease of referral to a specialist centre but also to the aetiology of vertebral fracture. Few investigations have concentrated on determining whether idiopathic, secondary or corticosteroid related osteoporosis present at diVerent ages. Uncertainties also relate to the numbers of vertebral fractures at presentation: multiple fractures might denote delay in the diagnosis. Equally it is unclear whether vertebral fracture number is related to bone mineral density (BMD) or whether vertebral fractures in corticosteroid induced osteoporosis in men occur at higher than expected BMD values. 9 Therefore we have also sought to identify some characteristics of osteoporosis in patients referred for treatment and to compare these with population studies of vertebral deformity. We have also compared the value of BMD that is associated with diVerent aetiologies of clinical osteoporosis with values reported in population vertebral deformity studies.
Methods

PATIENTS
Two hundred and twenty male patients were included if referred for specialist opinion because of symptoms, and if radiographs showed the presence of one or more fractures between T4 and L5. In four cases fractures in the spine were identified during the course of a work related medical examination. Fractures at non-spinal sites were not taken into account in the present analysis. Thus all subjects were symptomatic and not identified by screening. Most patients had complained of back pain to their primary care physician and 85-98% (according to group, see below) had undergone radiography before referral. Table 1 gives the causes of referral. No patient in any of the three osteoporotic groups had received treatment for osteoporosis up to the time of their first clinic appointment. Back pain after a fall from more than standing height, or the presence of a neoplasm, including myeloma, excluded from any of the three groups.
Three separate groups of osteoporotic men were identified (table 1) . Group 1 included 105 men with idiopathic osteoporosis. In this group there was no apparent cause for their osteoporosis. In group 2, 67 men were identified with a secondary cause of osteoporosis. Twenty four had alcohol (>28 U/week) as an aetiological factor, 10 exhibited low serum testosterone (<8 nmol/l), nine had undergone partial gastrectomy, and nine suVered from epilepsy. Each of the following occurred in three patients: hiatus hernia, vagotomy and pyloroplasty, colostomy. One patient each had: weight loss, congenital cataract, thyrotoxicosis, myelitis, schizophrenia, osteogenesis imperfecta. In group 3, 48 men with osteoporosis associated with corticosteroid treatment were investigated. The reasons for taking corticosteroids were: obstructive airways disease or fibrosing alveolitis (n=31), inflammatory bowel disease (n=6), polymyalgia, temporal arteritis or rheumatoid arthritis (n=6), skin diseases (n=3), red cell aplasia (n=1) and pulmonary fibrosis (n=1). Lifetime corticosteroid dose was assessed (dose/day × number of days taken) using information from the clinical notes. The corticosteroid was invariably prednisolone: daily dose was between 2-80 mg/day (mean (SD) 14.9 (15.6) (median=10) mg/day) and had been taken for a median of 8 years (0.3-50), resulting in a calculated cumulative dose of between 3.7-127.8 g (39.7 (35.9) (median=26.7) g).
HEALTHY SUBJECTS
To compare patients having osteoporosis with normal subjects, we examined data (table 2) from 176 healthy male volunteers (controls), taking part in a concurrent, though independent, study of bone density and turnover in men to establish values for normal subjects. These subjects were aged 20-91 years and, from their data, values for T scores and Z scores in 10 year groupings up to 79 years and over 80 years were calculated. Numbers in groups over 70 years were smaller than for younger groups. All subjects are included in table 2, but in table 4 only healthy subjects in the same age range as patients with osteoporosis are included (see legend). Healthy men were evaluated by a questionnaire seeking out risk factors for osteoporosis, assessment of general health, previous fracture and present back pain. Fractures that excluded subjects from the healthy group were known vertebral fractures and hip fractures.
Ethical approval for the study of the controls was granted from the Shropshire Research Ethics Committee. Permission to obtain radiographs of the spine in controls was not obtained.
RADIOGRAPHS
Fractures were defined as >20% wedge deformity ((1−(anterior height/posterior height)) × 100) or central deformity (crush) ((1−(mid-height/posterior height)) × 100) identified at the time of first attendance. All patients had radiographs taken at the clinic. Measurements were made from these radiographs. Obvious deformities were measured by one author (MWJD). In cases of less obvious deformity the vertebrae were measured by both authors and only included if both agreed with the criteria.
BMD MEASUREMENTS
BMD was measured at the lumbar spine (L2-4) (LS-BMD) and at the left femoral neck (FN-BMD) using DXA (Hologic QDR1000 or 1000/W, Hologic Corp, Waltham, MA, USA). In the patient groups the measurements were made at the first visit, before any treatment had been started. All the original data for patients and controls were analysed using the same software edition to avoid discrepancies arising from software changes. BMD of the phantom supplied with the Hologic QDR densitometer was measured daily during the working week. No measurements of the patients were undertaken unless the equipment was stable and working within specification. The coeYcient of variation (CV) of the lumbar spine measurement was 1.45% and of the femoral neck was 2.07%. 10 Variation between the two densitometers was <0.5%. Standing height was measured in all subjects using a Harpenden Stadiometer (Holtain Ltd, Crymych, Dyfed, UK).
STATISTICAL METHODS
Mean (SD) results are given together with the median if appropriate. Correlations were assessed by the Spearman ranking method and comparisons between groups were made using the Kruskall-Wallis test with subsequent testing by Mann-Whitney U test (Excel, Microsoft Corp, Seattle, Washington). The 2 test was used to investigate trends, 11 and to compare proportions.
To calculate Z scores, the mean of the appropriate age group in the control men was taken. Z score (BMD) = (BMD p −BMD c )/ BMD d , (BMD p = BMD measurement of patient; BMD c = mean BMD of the same age group from the control group of men; BMD d = standard deviation in BMD of the same age group from the control group of men). To calculate T scores, peak BMD at the lumbar spine and femoral neck of the control men was used. For both the lumbar spine and the femoral neck this was 20-29 years. T scores were calculated in the same way as Z scores (except that BMD c = mean BMD of peak BMD in controls and BMD d = standard deviation at peak BMD).
Results
The average age of men presenting with idiopathic osteoporosis (group 1) was similar to those having secondary osteoporosis (group 2) (table 1), and to the patients whose osteoporosis was associated with corticosteroid ingestion (group 3). Of those in group 1, 45% were aged less than 60 years when they presented with an osteoporotic fracture, compared with 51% in group 2 and 40% in group 3. Some 91.5% of patients had had a radiograph of the spine before referral. Patients were also compared with a group of controls matched for age range, but with a mean age slightly lower. Previous fracture (non-vertebral site) occurred in about half of the osteoporotic groups, though it was also frequent in the control subjects. Only five patients in the osteoporotic groups had had a previous hip fracture. The known family history of fracture was also similar across all groups. Back pain in the past was also uncommon. Most were experiencing current back pain and this symptom was significantly more frequent in each of the osteoporotic groups than in the control men ( 2 <0.001 for controls versus any of the osteoporotic groups). The duration of back pain before clinic attendance was ascertained in patients whose complaint was back pain (fig 1) . Some 65.7% of idiopathic patients, 51.2% of secondary and 59.4% of corticosteroid patients all reported pain only over the previous 12
months. However, a significant minority of patients had been experiencing pain for two years or more. There was no association between number of fractures and duration of the pain in any group (table 3) . Causes of referral other than back pain were uncommon. The average number of vertebral fractures at presentation in group 1 was 2.51 (1.9); in group 2 it was 2.76 (2.2) and in group 3 it was 2.48 (1.8) (diVerences between 3 groups = NS). Vertebral fracture number increased with increasing age in group 1 (p<0.01), but there was no similar tendency in groups 2 or 3. Vertebral fracture number showed no relation with LS-BMD, FN-BMD, or with lumbar spine or femoral neck T and Z scores (see methods for derivation and below for values used for normal range) in any group. T score in the lumbar spine in each of the three osteoporotic groups was analysed by age. T score did not show any trend with age in any group.
Body height decreased significantly with increasing fracture number in group 1 (p<0.05) and group 2 (p<0.01) but not in group 3. Body weight decreased significantly as fracture number increased in group 1 (p<0.05) only.
Cross sectional BMD in control subjects at the lumbar spine showed a slight, but not significant fall with age. Peak BMD occurred at 50-59 years (1.09 (0.15) g/cm 2 ) (table 2), but was almost identical to the BMD at 20-29 years (1.08 (0.12) g/cm 2 ) and this latter value was used to calculate the T scores. At the femoral neck, BMD did exhibit a significant decline with age (p<0.01), but the slope was not steep, being only 0.0034 g/cm 2 /year. Peak T4  T5  T6  T7  T8  T9  T10  T11  T12  L1  L2  L3  L4 BMD at the femoral neck occurred at 20-29 years (0.96 (0.13) g/cm 2 ) (table 2) . To compare BMD in osteoporotic and control subjects, patients with osteoporosis were matched for age with a control patient. It was possible to match each patient with a control for age in group 2 (mean diVerence 0.6 years; range 0.02-2.6) and group 3 (mean diVerence 0.7 years; range 0.01-2.8). In patients in group 1 (idiopathic) only 92 patients could be paired for age (mean diVerence 0.78 years; range 0.003-4.6). Table 4 gives the results. The data show that height, LS-BMD and FN-BMD were significantly lower in the three groups of patients with osteoporosis and that weight was significantly lower in groups 2 and 3. Groups 1 and 2 showed no change of LS-BMD with age, but FN-BMD declined with age in group 1 (0.0014 g/cm 2 /year) (p<0.05) and group 2 (0.0044 g/cm 2 /year) (p<0.01). In group 3 there were no age related changes at either lumbar spine or femoral neck. T score at the lumbar spine was similar across the groups and averaged −2.44 (1.10). At the femoral neck the T score was again similar averaging −2.24 (0.85), but was significantly more positive than the T score at the lumbar spine in men with idiopathic osteoporosis who had up to three fractures (p<0.01). Femoral neck Z scores in patients in group 1 with up to three vertebral fractures (−1.18 (1.09)) were also more positive than lumbar spine Z scores (−1.64 (0.92); p<0.01). Z scores at the spine and femoral neck were not significantly diVerent from each other within groups 2 and 3.
Vertebral deformity was most frequently found at T8 and at T12-L1 (fig 2) . All groups showed the same peaks in the spine. The eVect of fracture involving L2 on LS-BMD in patients with idiopathic osteoporosis was examined by comparing BMD in patients with a fracture at L2 with patients having no fracture at L2. No significant diVerence was found (with a fracture at L2: 0.809 (0.16), with no fracture at L2: 0.78 (0.13)). Similar findings were detected at L3 and L4 but fewer vertebrae were involved at these levels.
Possible relations between exposure to prednisolone (either daily or lifetime) and either fractures or BMD were investigated but no associations were found.
Discussion
The advent of population studies of osteoporosis in men such as the EVOS study, 1 3 12 means that data being collected on asymptomatic subjects may be construed as referring to patients with clinical vertebral fracture. This may not be the case. In the EVOS study men were selected at random from the community and osteoporosis was defined by vertebral deformity without any requirement of pain. In contrast our patients were referred with symptoms, existence of which may be related to low BMD. Similarities do exist between the EVOS approach and the clinical approach. Both EVOS 13 and the present data yielded subjects who were shorter and lighter than the respective control groups. An important contrast however lies in the diVerence in bone density between the deformity and osteoporotic groups. In the EVOS study the BMD at the lumbar spine and femoral neck was not low, 12 whereas the patients with clinical fractures had significantly low BMD at the lumbar spine and femoral neck. Whether vertebral deformity and normal BMD are the precursors of clinical osteoporosis remains uncertain. The relatively young age of men with clinical osteoporosis suggests that deformity would be picked up even younger if there were a progression. Alternatively these patients may have had low BMD throughout life. The constancy of T score with age gives some support to this concept, but patients with low bone density will need to be identified at an early age and followed up longitudinally to establish this point. Care needs to be taken with BMD measurements in older patients because of osteophytes, 14 which are a possible reason for lumbar spine BMD not falling with age. Deformity and pain may not be related, 1 3 but if further studies also suggest that low BMD relates to pain, this would have diagnostic and therapeutic value. The poor relation between deformity and pain may also be the reason for the finding of multiple fractures at initial presentation. As many patients presented with pain it might have been expected that one fracture would have been the most frequent number at presentation, but in all osteoporotic groups a mean of more than two fractures was found at presentation. Duration of pain was not associated with fracture number in any of the groups. Most patients had had pain for 12 months or less, with a trend for corticosteroid treated patients having an even shorter history of back pain. Identification of osteoporosis was most frequently made by the primary care physician by means of radiographs following back pain. Other causes of referral were uncommon. Clustering of vertebral fractures, for which there is little evidence, 15 -unless the patient is hospitalised 16 -might be one interpretation for the frequency of multiple fractures at presentation: alternatively initial fractures may not be painful, 4 or pain attributable to fractures may not be recognised as such leading to late referral of the patients. Nevertheless the frequency of multiple (vertebral) fractures at presentation concurs with the observation of AdinoV and Hollister 17 who reported that patients (of both sexes) with corticosteroid associated osteoporosis averaged 4.1 fractures (any site) in a retrospective study. The data suggest that the occurrence of a fracture is a serious risk factor for early recurrence in men, whether taking corticosteroids or not. Our data also confirm that symptomatic vertebral fracture is a condition of relatively young men, although our patients with idiopathic osteoporosis were older than in previously reported series, 6 7 8 but slightly younger than the median age reported by Francis et al. 18 It is possible that there is a predisposition to osteoporosis in men in the latter part of the sixth decade of life that is self limiting, thus giving rise to the steady prevalence seen up to the age of 75 in the EVOS study. 1 The present data oVer no explanation for the cause of such a phenomenon but, it is clear that early radiography in men over 50 with back pain may be more important than heretofore acknowledged to establish the diagnosis.
Vertebral fracture number did not show any relation with spinal Z score whereas a significant downward trend of Z score was found in the femoral neck in men with idiopathic osteoporosis. These men also had a lower Z score and T score in the spine compared with the femoral neck. Previous studies suggested that lumbar spine Z score was lower than Z scores at other sites in osteoporosis in men. 19 Our data further indicate that lower Z scores at the spine are only found in men with idiopathic osteoporosis, and then only in those with up to three vertebral fractures. Together with the observation that femoral neck Z score in patients with secondary osteoporosis is lower than in idiopathic osteoporosis, this suggests that the spine (largely trabecular bone) is aVected preferentially in idiopathic cases, with femoral neck (largely cortical bone) bone being lost less rapidly in the initial stages. Nevertheless increasing cortical bone loss (as shown by FN BMD) is evidently an associate of spine fracture number and progressive loss of cortical bone might be important in determining whether further fracturing occurs. The present findings do however concur with other data suggesting that, as in women, 20 an average T score of −2.5 at spine or femoral neck is associated not only with idiopathic osteoporosis in men 19 21 but additionally with secondary and corticosteroid osteoporosis. Deformities or fractures at L2-4 might aVect BMD 14 and confound relations between BMD and fractures. As no diVerence was found between BMD in those with fracture at L2, 3, 4 and those without, fracture does not seem to influence interpretation of lumbar spine BMD. In deciding on a value of >20% deformity as a criterion of fracture, we have followed the method of Scane et al. 4 Other authors have also suggested a reduction of 15% to 20% of posterior:anterior or mid-height, 22 and in a recent review of male osteoporosis, 2 a 15% or 20% reduction in anterior, posterior or central height is stated as being a commonly accepted radiological definition of fracture. Khosla et al 23 and Francis et al 18 did not define radiological criteria for a fracture, whereas Kelepouris et al 6 used a method 24 that is not ideal because normality is defined by reference to a population of sex hormone deficient women. An alternative method, defining vertebral deformity in terms of number of SDs from normal in individual vertebral dimensions 25 is too cumbersome for clinical use and data by vertebral level that varies in European countries are not available for England and Wales. Exact comparison between the studies is diYcult because of these diVering criteria used for diagnosis of fracture. There were clearly two peaks of fracture site, unrelated to the aetiology of osteoporosis. A similar pattern of peaks and nadirs has been reported but diVerences do exist. [26] [27] [28] Cooper et al 26 reported on a mixed sex population of referred osteoporotic patients including neoplastic causes and found similar peaks at T8 and L1 with a ratio of 0.82 (T8:L1). In a population study of thoracic vertebrae only in men, Harma et al 27 found peaks at T8 and T12 with a ratio of 1.54, although exact criteria for a fracture were not given. A population study of vertebral deformity in both sexes (men = 69.3 years, women = 69.6 years) reported a single peak at T8 or T9 (according to criteria used) with twice as many fractures at T8 as at T12. 29 However, in a study of aging in men over 85, peaks at T8 and T12 were found with almost three times as many fractures at Tl2 as at T8. 28 In this study the criterion for diagnosis was an anterior/posterior ratio of 0.66 or less. 28 While advancing age may predispose to fracture at T12, severity of the disease may also be important. Thus in the mixed population study with no symptoms required, T8 deformity was twice as common as T12 29 : in our study in which symptoms were an entry criteria the ratio was 1:1 with similar values whether idiopathic, secondary or corticosteroid associated: and in men with severe back pain and osteoporosis T12 and L1 were the main sites aVected. 7 Our data also suggest that the cause of osteoporosis is not a factor in determining the site aVected. Initial deformity at T8 may occur early but deformity at T12 suggests more significant disease.
We were not able to confirm, in a male population, the observation that subjects with corticosteroid osteoporosis have a higher mean value of BMD than do patients with noncorticosteroid associated osteoporosis. 9 However, about 83% (mean (+1SD)) of men presenting with corticosteroid osteoporosis had a lumbar BMD value of 0.92 mg/cm 2 (table 4), which is just above the value (mean (−1SD)) of the healthy population of patients aged 60-69 (table 2) . Similar arguments apply to idiopathic osteoporosis but screening BMD in men starting to take corticosteroids after age 50 may be valuable in identifying those with low BMD who would benefit from prophylaxis against vertebral fracture. We were also unable to confirm that cumulative dose of corticosteroid is important. 30 Lifetime dose is diYcult to calculate and we had limited numbers and reviewed only patients with a fracture. Nevertheless the high median prednisolone dose concurs with the high incidence of vertebral fractures when cumulative dose exceeds 30 g. 31 In conclusion we have found that patients with symptomatology and vertebral fracture have low bone density, unlike patients with vertebral deformity alone. Patients present in middle age usually with more than one vertebral deformity suggesting that radiographs should be undertaken earlier after back pain. A BMD T score of −2.50 is appropriate for men for the diagnosis of osteoporosis, including corticosteroid associated osteoporosis. T8 and T12 vertebra are the most frequently aVected and involvement of T12 may be associated with more advanced age or more severe disease 
